branes made by the layer-by-layer assembly of chitosan and alginate to be used as a simple 35 biomimetic system of the periosteum. The design of a periosteum-like membrane implies the elaboration 36 of a thick membrane suitable for both muscle and bone formation. Our aim was to produce well-defined 37 $50 lm thick polysaccharide membranes that could be easily manipulated, were mechanically resistant, 38 and would enable both myogenesis and osteogenesis in vitro and in vivo. The membranes were chemi-39 cally crosslinked to improve their mechanical properties. Crosslinking chemistry was followed via Fourier 40 transform infrared spectroscopy and the mechanical properties of the membranes were assessed using 41 dynamic mechanical analysis. The loading and release of the potent osteoinductive growth factor bone 42 morphogenetic protein 2 (BMP-2) inside and outside of the FS membrane was followed by fluorescence 43 spectroscopy in a physiological buffer over 1 month. The myogenic and osteogenic potentials of the 44 membranes in vitro were assessed using BMP-2-responsive skeletal myoblasts. Finally, their osteoinduc- 45 tive properties in vivo were studied in a preliminary experiment using a mouse ectopic model. Our 46 results showed that the more crosslinked FS membranes enabled a more efficient myoblast differentia- 47 tion in myotubes. In addition, we showed that a tunable amount of BMP-2 can be loaded into and sub- 48 sequently released from the membranes, depending on the crosslinking degree and the initial BMP-2 49 concentration in solution. Only the more crosslinked membranes were found to be osteoinductive in vivo. 50 These polysaccharide-based membranes have strong potential as a periosteum-mimetic scaffold for bone 51 tissue regeneration. 52 Ó 2015 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved. erties of natural tissues [1] and to guide cell fate locally for the 61 regeneration of damaged tissues [2] . There are several mem- 62 brane-like native tissues, which have important physiological 63 roles. For instance, the periosteum-or pericranium for the skull- 64 is a thick membrane covering the outer surface of all bones except 65 at sites of articulation [3] . 
Myogenic differentiation on crosslinked FS membranes

446
The C2C12 myoblasts were observed after 24 h in GM and after 447 5 days in DM (Fig. 3A) . The percentage of proliferating cells and 448 their fusion index were quantified after 1 and 5 days, respectively 449 ( Fig. 3B and C) . We noted that few cells attached to the EDC10 450 membranes, whereas they adhered to and proliferated and fused 451 on the EDC30 and EDC50 membranes (Fig. 3A) . Moreover, the BMP-2-loaded FS membranes were found to be (Fig. 4A, right image) .
476
The release kinetics of BMP-2 from the FS membranes was fol-477 lowed over 1 month for FS membranes loaded with BMP-2 at con-478 centrations of 20, 60 and 100 lg ml À1 (Fig. 4B , B 0 and B 00 and Table   479 1). The incorporation of BMP-2 was measured initially (C i ) and 
536
extreme conditions, ie EDC10 and EDC50, showed higher calcium 537 deposition, we selected them for the in vivo preliminary study.
538
In order to further assess the osteoinductive potential of the 539 BMP-2-loaded crosslinked FS membranes, a preliminary study 540 was performed in vivo in a mouse ectopic model [50, 51] . We 541 selected four different FS membranes crosslinked at EDC10 and 542 EDC50 and loaded at 60 and 100 lg ml
À1
. In situ bone formation 543 was followed by lCT for 8 weeks (Fig. 6A ) and the bone volume 544 was quantified (Fig. 6B) . We noted that the EDC10 FS membrane 545 did not lead to bone formation whatever the amount of BMP-2 546 loaded ( Fig. 6 and data not shown) . In contrast, a bone nodule 547 was formed as soon as day 21 for the EDC50 FS membrane loaded 548 with 100 lg ml À1 BMP-2, and this continued to grow up to day 52.
549
These preliminary data suggest that only the EDC50 FS membrane 550 loaded at the highest amount (100 lg ml The development of skeletal muscle is a multistep process, 561 which includes initial cell adhesion and proliferation, followed by 562 withdrawal from the cell cycle and differentiation into multinucle-563 ated myotubes [53] . ALG has already been used as biomaterial for 564 studying muscle cell growth [54] [55] [56] . Our previous work using with a greater degree of crosslinking (Fig. 1B) . [70, 72] using the LbL technology. 663 The loading of BMP-2 in our EDC50 crosslinked FS membranes 664 led to a decrease in cell proliferation after 24 h in culture in GM 665 ( Fig. 5A ) compared to the case without BMP-2 (Fig. 3) . This result (Table 1 and Fig. 4) , several hypotheses may be made: first, these 684 differences in osteoinduction may be due to the different release In future studies, we aim to follow the biodegradability of the FS 705 membrane as well as BMP-2 release in vivo. In addition, the next 706 step will be to study their osteoinductive properties in a bone site. 
